Introduction

ABSTRACT
In this study, split-and-mix peptide libraries from one to four amino acids bound to functionalized beads were used to identify active morphogenesis peptides for the systems CaC03 and DL-alanine. Density gradient ultracentrifugation was used to remove all beads without crystals as well as crystals homogeneously nucleated in solution. From the remaining fractions, beads were selected, which account for differences in crystal morphologies from the default crystal morphology on a micrometer scale and their amino acid sequence was analyzed. Our results show that multiple and different peptide sequences are found to be active in the morphogenesis ofCaC0 3 and DL-alanine. It was not possible to find a correlation, which connects active single amino acids with the sequences of di-, tri-and tetrapeptides. However, peptide charge was found to be important for morphogenesis. Peptides active in CaC03 morphogenesis were enriched in basic amino acids while those active for DL-alanine morphogenesis contained more acidic amino acids. This can be explained by charge-charge interactions of the crystallizing species with the countercharged peptide moieties. Tests for chiral separation for the DL-alanine system showed that with the applied oligopeptide libraries, no enantioselective crystallization was achieved to a significant extent. The presented combinatorial crystallization assay provides an easy tool for crystallization control. which can be used for the straightforward selection of interesting species under a light microscope. However, suitable staining techniques to identify individual beads with crystals, which are for example a pure enantiomer still need to be developed.
Biominerals such as bone, teeth, and shells are highly optimized organic-inorganic hybrid materials with favourable properties and hierarchical order. Their morphology, size, and orientation are driven by local conditions. In particular, the presence of proteins or other macromolecules [1) is found to be essential for the generation of these architectures. It is usually distinguished between insoluble macromolecules like collagen in case of bone or chitin in case of nacre, which build up an organic scaffold for the subsequent mineralization process (insoluble or structural matrix) and soluble macromolecules, which direct the mineralization process of the inorganic material (soluble or functional matrix).
The processes occurring in vivo in the formation of biominerals are of great interest to material scientists who try to build composite materials and crystalline forms found in nature [2-4J. However, they are very difficult to reveal, as the biopolymers are found as mixtures and they often interact in a synergetic way. Especially soluble biomineralization macromolecules are difficult to analyze, as they are often highly acidic, aggregate and interact with the column material of separation columns so that their purification and characterization is very difficult [5 J. Therefore, it is also a useful approach to use synthetic polymers and study their influence onto crystal growth and morphogenesis in order to mimic biomineralization processes and synthesize organic-inorganic hybrid materials with improved properties. A large number of synthetic polymers has been applied in a more or less empirical way for the crystallization control of a large variety of minerals as reviewed in [6,7J and a new class of polymers-the double hydrophilic block copolymers [8, 9] active in the control of crystal growth was developed inspired by the natural biomineralization polymers, which often exhibit a high amount of acidic residues in blocked sequences [10] .
As model for better understanding the control of crystal morphology by biomineralization polymers, previous work has focused on acidic polypeptides such as polyaspartic acid [11] [12] [13] or other polyanions [14] as it was shown that acidic matrix proteins or glycoproteins [1] contained in most biominerals are deeply involved in the crystal growth. Indeed, soluble and insoluble protein fractions were shown to regulate crystal growth and control the polymorph in mollusc shells [3] . Further work with simple metal cations [15] and a,w-dicarboxylic acids [16] on calcium carbonate has shown how small molecules can be used to direct the morphology of calcite crystals. The use of simple amino acids in a specific ratio to the mineral was also shown to be effective to mediate the crystallization ofCaC03 [17] .
Another investigation with larger molecules was performed with an a-helical peptide designed to bind specific faces of calcite [18] and has highlighted the conformation-dependent control of crystal growth by the secondary structure [19] . Similarly, several macromolecules were found to regulate the morphology of other inorganic crystals. Genetic analysis has identified proteins [20, 21] and repeating polypeptides [22] that adhere specifically to inorganic surfaces. In this way, a genetic system in the bacterium Escherichia coli to study the protein-mediated control of gold crystal growth was developed [23] . Peptides displayed by phage have been found to recognize semiconductor surfaces, metal surfaces [24] or precipitate silica by templating the inorganic material [25] . Such phage display libraries have also proven useful for the discovery of peptides that adsorb onto the surfaces of various minerals [26] . However, a drawback is that a peptide, which is actively adsorbing onto a crystal surface, must not necessarily be active in crystallization control with respect to crystal polymorph or morphology control. A recent study has shown that aragonite binding peptides are inhibitors for calcite nucleation when used in a CaC03 crystallization assay [27] .
We envisioned on-bead screening of split-and-mix libraries [28, 29] as an alternative combinatorial approach that would allow for directly monitoring the induction of different crystal morphologies. Within split-and-mix libraries, each member of the library is localized on a different bead, thus, different crystal morphologies observed on different beads will be indicative for the influence of the bead bound peptide on either the nucleation or the growth of the inorganic crystal. Such on-bead screenings of split -and-mix libraries have previously not only been used for the identification of selective intermolecular interactions [30] and catalysts [31] but most recently also for the generation of nanometer-sized metal particles [32] .
An additional application that can possibly be achieved by crystallization on peptide functionalized beads is chiral resolution. The underlying principle in this approach involves the utilization of peptide functionalized beads as resolving auxiliaries in the crystallization of enantiomers. The hypothesis is that enantiospecific peptide beads will serve as selective chiral nuclei (seeds) during crystallization, lowering the formation energy for crystals of one enantiomer. Consequently, this enantiomer will crystallize in excess on the peptide functionalized beads. thereby enabling separation of this enantiomer from the crystallization solution. The feasibility of this approach was recently demonstrated [33, 34] showing that chiral resolution based on enantioselective crystallization on chiral polymeric microspheres is possible. It was demonstrated that chiral microspheres based on poly (N-vinyl-Lphenylalanine) display enantioselective crystallization ofDL-valine and provide evidence for crystallization of enantiopure crystals on the chiral surfaces of the polymeric microspheres. With regard to chiral resolution the use of polymeric beads with combinatorial chiral peptide libraries opens up the possibility of optimized enantioselective crystallization on chiral polymeric particles, by selection of the optimal chemical chiral functionalities on the surfaces of the polymeric beads.
Experimental
All chemicals were purchased from Sigma-Aldrich, Senn Chemicals, Merck Biosciences and Bachem.
Preparation of the libraries
The libraries were prepared on TentaGel resin (TentaGel S NH2 from Rapp Polymere) [35, 36] (poly( ethylene glycol) functionalized polystyrene, 0.27 mmol/g) using standard conditions to synthesize the Iinker as well as the peptide library. The encoded [37, 38] libraries were synthesized by the split-and-mix protocol [28, 29] . Using 15 different D-and L-amino acids in each position (Libraries Ll, L2 and L3: AA 1 and
the dipeptide, tripeptide and tetrapeptide libraries consisted of maximally 15 2 = 255, 15 3 = 3375 and 15 4 = 50625 members, respectively. After deprotection of the N-terminus the free amines were acetylated and the side chain protecting groups were removed [39, 40] (Fig. 1 ).
Crystallization on the beads
The combinatorial assays were performed by incubating the four different libraries (Ll-L4) with saturated aqueous solutions of alanine and calcium carbonate, respectively. A total of at least three theoretical copies of the library were used per screening in order to ensure the presence of each library member [41, 42] .
Calcium carbonate crystals were grown on the beads by diffusion of carbon dioxide into calcium chloride solutions according to the gas diffusion method [43] . Experiments were performed at roorrl temperature (22 ± 1 C). The aqueous solutions of CaCI 2 were prepared in double distilled water and bubbled with N2 overnight before use. Four centrifuge tubes (5 mL) containing the 0.01 M calcium chloride solution (4mL) were mixed, respectively, with the four different libraries (1.4 (U), 3.2 (L2), 12.5 (L3) and 85.1 (L4) rug/mL) and placed into a closed chamber (3000 cm 3 ) with fresh ammonium carbonate (3 g). One centrifuge tube containing the calcium chloride solution mixed with non-peptide functionalized TentaGel beads (20.2 mg) was used as reference. The thermal decomposition of ammonium carbonate produced ammonia and carbon dioxide diffusing through one needle hole pierced into the Parafilm cover of the tubes. The initial solution was slightly acidic (pH 5.8) but the pH rose to 9.5 due to the dissolved NH3. After 5 days, the precipitation was stopped by centrifugation at 3000 rpm for 5 min. The beads were washed twice with the same centrifugation conditions in a saturated calcium carbonate solution in order to avoid crystal dissolution.
For DL-alanine precipitation, the supersaturated alanine solution (231 mg/mL) was prepared by heating at 60C for 1 h. Four centrifuge tubes (5 mL) containing the supersaturated alanine solution (4mL) mixed with the four different libraries (1.4 (U), 3.2 (L2), 12.5 (L3) and 85.1 (L4)mg/mL) were covered with Parafilm and set under a constant mechanical agitation on an orbital shaker(30 rpm). One centrifuge tube containing the supersaturated alanine solution and non-peptide functionalized TentaGel beads (20.2 mg) was used as reference. Experiments were performed at room temperature (22 ± 1 "C). After 15 h, the precipitation was stopped by centrifugation at 3000 rpm for 5 min. The pellets composed of beads were washed twice with the same centrifugation conditions in a saturated alanine solution in order to avoid crystal dissolution. Crystallization was allowed for 15 h. This time was needed to observe (i) well-shaped crystals on the beads, (H) avoid the complete mineralization of the beads surface which would have hindered identification of the active peptide sequence and (Hi) permit to select beads with stable crystals and interesting morphologies.
Ultracentrifugation andfractionation
After crystallization, 3 mL of saturated calcium carbonate and alanine solution, respectively, were removed and tubes were filled with a sucrose gradient. The separation was performed in an L70 preparative ultracentrifuge (8eckman Coulter, Palo Alto) in a SW55 rotor. For a continuous density gradient 1 mL of 20,40, 50, 60 and 67% sucrose solutions were prepared from water saturated with CaC0 3 . 0.5 mL sample solution was overlaid and the tubes were run for 24 h at 39000 rpm to obtain a continuous gradient in the range between 1.1 00 and 1.312 g/mL. After ultracentrifugation, the effectivity of the sucrose gradient separation is directly visible by the presence of two thick bead layers (see Fig. 2) ; the upper one contains beads without crystals and the pellet is composed of the beads bearing crystals.
Control experiments with mineralized beads showed that the ultracentrifugation step does not remove the crystals from the surface of the beads. The supernatant over the discernable noncrystallized bead layer was removed and seven fractions (~0.7 mL) were transferred into separate Eppendorf tubes with different syringes (1 mL) starting from the top in order to leave the density gradient undisturbed.
Isolation of beads of interest
Each fraction was deposited on a glass slide and observed by optical microscopy (Nikon Eclipse E600 Pol equipped with crossed polarizers and a DXM 1200CCD camera and Olympus 8X 41 equipped with digital camera). Most ofthe beads bearing crys- Fig.2 . After the density gradient ultracentrifugation step, the presence of two thick bead layers (I and 11) in the centrifugation tubes is observed (A). The upper one contains beads without crystals (I) and the pellet is mainly made of beads bearing calcium carbonate crystals (8, scale bar ~150 f.Lm). Several fractions corresponding to different degree of bead mineralization were collected from the top to the bottom as shown in the figure. tals provided classical rhombohedral calcite crystals but some exhibited unusual morphologies showing the effectiveness of the procedure. Similar considerations are valid for DL-alanine with its default needle shape. The beads with interesting crystal morphologies on them were isolated using an Eppendorf pipette equipped with a gel loading tip and placed individually in microcapiIlaries for the subsequent peptide analysis. These morphologically active beads are shown together with the nucleated crystal morphologies in Figs. 3 and 4 and SI1 and S12, It is important to note that small CaC0 3 crystals on beads and empty beads were stilI observable after 5 days at the same time, proving the specificity of the grafted amino acid or peptide sequences on the different beads as observed in Fig. SA . Moreover, to avoid the analysis of peptides grafted on beads where non-specific crystallization occurred, beads possessing two different kinds of crystal morphologies were not collected (Fig. 58 , bead marked with a red dot). Homogeneous nucleation also occurred and led to the precipitation of crystals in the solution which can potentially stick on the beads surface. Slow stirring under the light microscope easily permits to remove them from the beads and avoid the sampling of non-specific peptide-crystal crystallization events. As observed in Fig. 58 and C for example, the observed crystal possesses a spherical morphology but it is birefringent indicating its crystallinity. Thus, this grafted peptide is classified to be interesting as it gives an access to unusual crystalline spherical Ca CO) morphology. As a control experiment, precipitation of alanine and calcium carbonate was performed on negative control beads bearing simply acetylated amines in place of the peptides (acetylated amino functionalized TentaGel). In a small percentage of cases «2%) adventitious crystals were observed on non-grafted beads presumably due to the presence of cracks formed during the synthesis or handling of the beads before the crystallization reaction (Fig. 6 ) . The rest ofthe beads remained unchanged and no CaCO) (resp. alanine) was found in the solution. Isolation of several beads with interesting crystal morphologies deviating from that of the default crystals from both assays CaCO) and a lanine and analysis of the pep tides on them revealed a number of morphologically active sequences as listed in the tables in SI3 and SI4.
Analysis 0/ chiral discrimination/or DL-alanine crystallization
In a typical crystalliza tion experiment supersaturated DLalanine solution (200 mg/mL) was prepared and mixed with 3 mg of L2 library and as control experiment DL-alanine was crystallized under identical conditions without the peptide functionalized beads. DL-Alanine crystals crystallized from pure water with a needle-shaped morphology with a relatively uniform crystal thickness and a crystal width of about 20 f.lm, and can have a length of up to a few hundred micrometers (see Figure SI5 ). The kinetics of the crystallization of DL-alanine is relatively slow and typically crystallization is accomplished after ca. 18-24 h. The crystallization kinetics of DL-alanine in the presence of peptides of the library L2 is accelerated relatively to the control experiments and well-defined alanine crystals grew onto the peptide functionalized beads within a few hou rs as shown by optical microscopy in Figure SI6 . For instance after 2 h ca. 2 f.lm crystals of alanine crystallized on the surfaces of the peptide beads ( Figure SI6a ) and grew with time, ca. 19 h, to crystals of ca. 60 f.lm ( Figure SI6b ). It should be mentioned that within an identical time interval crystals were neither observed in the crystallization solution nor in the control experiments. In addition, in those experiments the morphology of the DL-alanine crystals crystallized on the surfaces of peptide functionali zed beads is preserved as in the control experiments, namely crystals with needle-s haped morphology. Those results indicate that the peptide functionalized beads promote the crystallization kinetics of DL-alanine and can act as nucleation centers. In order to analyze if enantioselective crystallization has occurred on the surfaces of the peptide functionali zed beads we employed a range of methods, e.g. powder X-ray diffraction (XRD) differential scanning calorimetry (DSC) and optical rotation. In a set of crystallization experiments performed at room temperature peptide beads were collected (by centrifugation at 4000 rpm for 3 min) after 10 h, and filtered from the crystallization solutions and dried at RT. The peptide functionali zed beads where DL-alanine had crystallized were then analyzed. 
LIBRARY
Results and discussion
Crystallization of CaC0 3 and DL-alanine was possible on the peptide functionalized beads. Figure SI7 shows the example of CaC03 for the library L3 before separation in the ultracentrifuge.
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In the small snapshot, it can be seen that typical rhombohedral calcite crystals of different size are nucleated on most beads, which show double refraction under crossed polarizers. But also, amorphous particles, which appear black under crossed polarizers were observed which becomes even more obvious in the zoom in. Most particles with morphologies deviating from the typical calcite rhombohedra appear amorphous although crystalline particle assemblies were also found as well as amorphous next to crystalline particles on the beads. Beads with non-uniform precipitates were not selected for the amino acid sequence analysis of the peptides. Besides the beads with precipitates, a large fraction of the beads remained without crystals on their surfaces and could be removed as a layer after ultracentrifugation. These are all beads, which do not contain a peptide sequence inducing nucleation of a crystal. Although analysis of beads from this layer in principle could reveal peptide sequences for the inhibition of crystallization, the layer of beads without crystals also contains peptide sequences which are inert to crystallization so that no crystal nucleated as is the case for the non-functionalized beads. Therefore the beads without crystals were not further analyzed as a defined correlation of the peptide sequence and crystallization inhibition cannot be made. Similarly, all beads with crystals exhibiting the default crystal morphology (calcite rhombohedron and DL-alanine needle) were not further analyzed, as these pep tides are not active in the morphogenesis of unusual crystal morphologies. Finally, we selected a number of 48 beads for CaC0 3 and 33 for DL-alanine as shown in Figs. 3 and 4 and 511 and 512. The corresponding amino acid sequences are given for the peptides active in morphogenesis of CaC0 3 and DL-alanine in 513 and 514.
All investigated crystals exhibited a different morphology from each other and the default crystal (Figs. 3 and 4 and 511 -514) . It can be seen that no clear correlation between the morphologically active Ll-L4 peptide generations can be found-neither for CaC0 3 nor for DL-alanine. Obviously, there is no correlation in the combination and position of amino acids in a peptide, which will lead to a morphology modification of CaC03 and DL-alanine. Only individual combinations without obvious correlation are found. A more detailed investigation whether certain types of amino acids are especially active in the morphogenesis process is possible with the tables in the supporting information section (513 and 514). These tables show a colour code for acidic, basic, amides, polar, rigid and apolar amino acids as well as the frequency of the named amino acids found in the morphology modified crystals as compared to the expected frequency by random bead isolation.
If only the type of amino acid and not its position nor the specific side chain are considered but just the type of chemical function, still most of the amino acid types show no correlation between the libraries with respect to amid, polar, rigid, aromatic and apolar 223 amino acids (see 513 and 514). However, a correlation becomes obvious for the amino acids with charged side chains (see 513 and 514). For CaC0 3 , for all morphologically active sequences, the frequency of the basic amino acids is much enhanced as compared to the expected frequency (see 514). This is surprising since usually, acidic proteins are discussed in CaC03 biomineralization [10] and also in biomimetic mineralization ofCaC03, the usually employed synthetic polymers are anionic [44] . Only a few exceptions with neutral or basic molecules were reported so far for biomineralization [45] or bioinspired mineralization [46, 47] . This is especially interesting, as the starting pH of the beads solution was 5.8 and then raised to the typical pH of9.5 in the gas diffusion reaction. Since the point of zero charge of CaC0 3 is around pH 8.2 [48] , although starting the mineralization reaction below the PZC, CaC0 3 is negatively charged at the later stages of the gas diffusion mineralization reaction. At this pH, the species appears to be nucleated, which reacts with the basic peptide moieties to form typically amorphous morphologies differing from the typical calcite rhombohedron. Recently, it was found that stable prenucleation clusters are the earliest formed precursor species in CaC03 crystallization and that these cluster species should be considered for the material transport in CaC0 3 crystallization [49] [50] [51] . The amount of these clusters dramatically increases with pH [49] and therefore, it becomes likely that mineral deposition took place above the PZC of CaC0 3 so that due to electrostatic reasons, basic amino acids should be advantageous for interaction, However, it must be underlined again that no defined correlation was found with respect to the exact sidechain and amino acid position.
For DL-alanine, the situation is different (see 514). Here, the acidic residues were found much more often in morphologically active peptide sequences than expected from the library composition with the exception of the single amino acid library L1. On the other hand, the basic amino acids were found less than expected in the morphologically active sequences, again with the exception of the library L 1. The pK. of terminal amino groups is usually >9, that of alanine specifically pK. = 9.87. This means that DL-alanine offers a positively charged interaction side for the negatively charged acidic peptide residues. On the other hand, with a pK. of 2.35 for the carboxy group, an interaction of the basic residues is equally likely.
Overall the charge of an amino acid depends on the isoelectric point (pJ), amino acids become positively charged at pH < pI, and negatively charged at pH> pI. Since the isoelectric point of DLalanine is at pH 6.11 [52] , and the pH of the crystallization solution is 5.6, the overall DL-alanine molecule is positively charged at the pH of the precipitation reaction. It is thus plausible that under those conditions the molecular interactions of DL-alanine with acidic peptide functionalized beads is strong due to charge-charge interactions. This probably leads to high adsorption of DL-alanine to functionalized beads with acidic residues and therefore these peptide beads are active in morphogenesis of DL-alanine.
To test chiral resolution and to look if the peptide functionalized beads can act as selective chiral seeds in the crystallization of DL-alanine, we have performed a series of DL crystallization experiments in the presence of pep tides on library L2. The X-ray diffraction spectra of DL-alanine crystallized from pure water and that crystallized on the peptide functionalized beads are shown in Figure 518 . The X-ray diffraction patterns for clystals of pure DL-alanine and crystals on the beads show four main intense diffraction peaks (at 28 = 16.27°, 20.82",29.7 ' and 33.41°) that fit the diffraction pattern of orthorhombic DL-alanine [53] with unit cell constants ao = 12.04, b o = 6.04 and Co = 5.81 in A. The X-ray diffraction of Alanine crystallized on the peptide functionalized beads shows two additional diffraction peaks at 28= 27.68° and 32.20°, which match the diffractions pattern of (040) and (104) crystal planes of pure L-or D-alanine [54] . However, other measurements reveal that DL-alanine does not show enantioselective crystalliza-tion on the peptide beads to a significant extent. For example DSC measurements of alanine crystals crystallized on the peptide beads show a melting point at 260-265'C corresponding to pure DL-alanine.ln addition optical rotation measurements of the crystalliz:ation solutions and ofthe dissolved alanine crystals showed an enantiomeric excess (e.e.) of2% which is negligible. Thus, no enantiose lective crystallization was observed to a significant extent.
conclusion and outlook
Our results show that mUltiple and different peptide sequences are found to be active in the morphogenesis of CaC03 and DLalanine. It was not possible to find a correlation, which connects active single amino acids with the sequences of di-, tri-and tetra pep tides. This is equally true for the D-and L-amino acid enantiomers and their combinations in the libraries. Such result reflects the finding that also in biomineralization, usually mixtures of active proteins are found, which makes it hard to isolate individual proteins and investigate their function. For example the proteins, which were extracted from an aragonitic mollusc shell layer and which selectively nucleated aragonite in a subsequent CaC03 crystallization step were a mixture, which was up to now not identified [3] .
This means in turn that a rational design of peptide amino acid sequences for active morphogenesis of crystals is not easily feasible by a step-wise approach starting from a single amino acid and extending the length of the peptide from this. If an active peptide sequence is identified for morphogenesis, it is not possible to deduce that the same sequence shortened or extended by one amino acid will also be active. This hinders the construction of larger peptide sequences with crystal morphogenesis activity.
However, while the exact side chain chemistry and amino acid position showed no correlation between the libraries, the charge of the side chains proved to be of importance for both investigated crystal systems. While basic amino acids showed morphogenesis activity for CaC03, acidic amino acids were active for the DL-alanine system. This means that in the present case, several possibilities exist to nucleate a different morphology from the default crystal. Charge seems to be the most important parameter for interaction in consistence with a large amount of literature on Biomineralization and bioinspired mineralization, which emphasizes the role of charged macromolecules for mineral deposition.
While no clear correlations between different generations of libraries were found when the morphology selection criterium was applied in this study, the presented combinatorial approach proved to be successful for the identification of peptide sequences which are active in the controlled nucleation of silver colloids of a distinct size in the nm range [32] . In the present study, we selected those crystals with unusual morphology which was polycrystalline or amorphous in case of CaC0 3 and often also for alanine. The size of these crystals is in the order of tens of fLm. Obviously, in this size range, a multitude of different peptides is able to modify the crystal morphology so that no clear correlations become obvious despite that of charge interactions.
The combinatorial split-and-mix library approach is a very simple, versatile and effective way of identifying active peptide sequences for mineralization control, as the results of the crystallization experiment can directly be observed in the light microscope after the uneffective beads have been removed by ultracentrifugation. This allows to search for peptides, which generate a defined morphology. Similar considerations could also apply if peptides for the distinct generation of a certain CaC0 3 polymorph like aragonite are required, for example. The fluorescence labelling method reported by Volkmer et al. [55] permits to distinguish between the different polymorphs by their colour in a fluorescence microscope after Mn2+ was added to the crystallization solution.
This could allow for an easy identification of different polymorphs. In analogy, even chiral discrimination might be visualized if an enantiomeric fluorescence dye is applied, which selectively interacts and stains one enantiomer. By that way, peptide sequences might be readily identified, which lead to an enantiomer crystallization from a racemic mixture. The advantage of chiraI fluorescence dyes is the possibility to identify even a single bead with crystallized enantiomer, which would not become visible in the here applied methods like XRD, DSC or optical rotation, which rely on average signal for the multitude of components in the mixture. Although we did not yet observe enantioselective crystallization on the surfaces of the peptide functionalized beads due to the applied averaging methods with limited sensitivity, we assume that the use of chiral functionalized beads with a variety of sizes, architectures, and chemical functionalities in the future could provide experimental opportunities for developing a new chiral resolution method based on enantioselective crystallization.
There are further possibilities, which can be imagined to optically distinguish between favourable and unfavourable crystals by optical microscopy either by selective staining methods or polarization microscopy. This shows the large potential of our simple crystallization screening method by combinatorial peptide libraries and will allow for the increase of the knowledge, how crystallization can be directed into a desired direction by peptide additives. This opens the possibility for a better understanding of the interaction of peptides with crystal surfaces or crystallization processes as such.
